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tbslracl The sialic permitlivily o f o-hydroxy aeclophenonc (OH/V) in Ihrec non polar solvcnls namely ben^ene. 1,4-dioxane and cyclohexane 
h,i« been measured at 303K and frequency 100 KHz. The data were used to evaluate Kirkwotnl correlation factor g. excess molar polarization (dp). 
Class correlation factor and excess free energy ( 4 c )  It is observed that in dilute solutions, p- multimers with antiparallel dipolar orientation 
j ivcdominate for benzene and cyclohexane but in 1,4-dioxanc a- multimers with parallel orientation dominate in the entire concentration range. OH A
1 khiives as a rigid molecule because of the intramolecular hydrogen bond between hydrogen and acetyl groups
Kii^ ii'vords Dielectric constant, Kirkwood correlation factor, excess molar polarisation, excess free energy 
P\rs Nos. 77.22 Ej, 31.70 Dk. 51 30.+i
1. Introduction
Many w o rk e r s  f l - 6 ]  h a v e  d o n e  e x te n s iv e  w o r k  o n  d ie le c t r ic  
hehaviour o f  a c e to p h e n o n e  a n d  i t s  d e r iv a t iv e s  w h ic h  p ro v id e s  
structural in f o r m a t io n  a lo n g  w it h  it s  in t e r a c t io n  w it h  n o n -p o la r  
solvents. A u t h o r s  [7 ]  h a v e  a l r e a d y  r e p o r t e d  th e  d ie le c t r i c  
relaxation s tu d y  o f  a c e to p h e n o n e ,  p y r id in e  a n d  th e ir  b in a r y  
tnixuires in  d i lu t e  s o lu t io n s  o f  b e n z e n e . R e c e n t ly  M e s s ic h  [8J 
reported the e f fe c t  o f  s o lv e n t  v is c o s it y  o n  th e  d ie le c t r ic  r e la x a t io n  
ol some a c e to p h e n o n e  d e r iv a t iv e s .  A c e t o p h e n o n e  p o s se s se s  
" i le rm e d ia te  c h a r a c t e r  b e t w e e n  a r o m a t ic  a n d  a l i p h a t i c  
compounds. I t  is  a ls o  a  n o n - h y d r o g e n  b o n d e d  l iq u id  a n d  
^ h^aves as a r ig id  p o la r  m o le c u le  f 1]. I f  i t  is  tre a te d  as a b e n ze n e  
derivative, a la r g e  a c e ty l g r o u p  ( - C O - C H , ) c o u ld  s ig n i f ic a n t ly  
blinder the m o le c u la r  a s s o c ia t io n . Its  o - h y d r o x y  d e r iv a t iv e  n a m e ly  
o -h yd roxya ce toph eno n c  ( O H A )  is  c la s s i f ie d  as  h a v in g  a s tro n g  
‘n iram olccular h y d r o g e n  b o n d  [6 ] o f  ty p e  - O H - O - C  a n d  m a y  b e  
u p o n  a s  a  r i g i d  m o le c u le  f o r  d ie le c t r i c  a b s o rp t io n ,  
therefore, i t  is  o f  g re a t  in te r e s t  to  s tu d y  th e  d ie le c t r ic  b e h a v io u r  
w it h  n o n - p o la r  s o lv e n t s  to  u n d e r s ta n d  th e  r o le  o f  
hydrogen b o n d in g  in  m o le c u la r  in t e r a c t io n s  t a k in g  p la c e  in  the 
system
 ^f i^Tcsponding Author.
E a r l i e r ,  w e  r e p o r t e d  |9 ]  th e  d i e l e c t r i c  r e s p o n s e  o f  
c y c lo h c x y la m in e  ( C H A )  in  d if f e r e n t  n o n -p o la r  s o lv e n t .  T h e  
m e a su re d  v a lu e s  o f  d ie le c t r ic  p e rm it t iv it y  w e re  used  to  c o m p u te  
K i r k w o o d  c o r r e la t io n  fa c to r  t? ) , m o la r  p o la r iz a t io n  (P 2 ), e x c e s s  
c o r r e la t io n  f a c t o r  ( 5 g )  a n d  e x c e s s  f r e e  e n e rg y  ( AG) -  T h e  
p re se n ce  o f  a -  a n d  m u lt im e r s  w a s  id e n t if ie d  f o r  the  d if fe r e n t
e n v iro n m e n ts .
A t te m p ts  h a v e  b ee n  m a d e  b y  re se a rch e rs  [7 -1 0 ]  to  s tu d y  
the  d ie le c t r ic  p ro p e r t ie s  o f  b in a r y  m ix tu re s .  In  a l l  th e se  ca se s  
o n ly  the  lo n g - ra n g e  d ip o la r  in te r a c t io n  b e tw e e n  the  m o le c u le s  
a re  ta ke n  in to  c o n s id e ra t io n .  W in k e lm a n n  and  Q u it z s c h  [11] ,  
h o w e v e r ,  d e v e lo p e d  a  c o m p r e h e n s iv e  r e la t io n  l in k in g  th e  
d ie le c t r ic  c o n s ta n t  o f  a b in a r y  m ix t u r e  w it h  th o se  o f  th e  p u re  
c o m p o n e n ts  c o n s id e r in g  b o th  Long ra n g e  and  sh o r t ra n ge  d ip o la r  
in te ra c t io n  b e tw e en  the  l ik e  as  w e l l  as u n l ik e  m o le c u le s .  B e s id e s  
the  K i r k w o o d - F r O h l ic h  l in e a r  c o r r e la t io n  fa c to r  o f  d ie le c t r ic  
p o la r iz a t io n  g,  w h ic h  is  a  m e a su re  o f  s h o r t  ra n g e  in te rm o le c u la r  
fo rce  [ 12] le a d in g  to  d ip o le -d ip o le  in te ra c t io n  in  the l ik e  m o le cu le s , 
th e y  in t ro d u c e d  th e  c o n c e p t  o f  m u tu a l c o r r e la t io n  fa c to r  f o r  
u n l ik e  m o le c u le s  to  a c c o u n t  f o r  th e  sh o r t r a n g e  d ip o le - d ip o le  
in te ra c t io n  b e tw e e n  th em .
© 2003IA C S
652 K K Gupta, M K Sharma and P J Singh
In th is  paper, an a ttem p t h a s  b e e n  m a d e  to  s tu d y  th e  in ter-  
a n d  in t r a m o le c u la r  h y d r o g e n  b o n d in g  a n d  f o r m a t io n  o f  
m u ltim e r s  to  u n d ersta n d  th e  m o le c u la r  b e h a v io u r  o f  O H A  in  
b e n z e n e ,  1 ,4 - d i o x a n e  a n d  c y c l o h e x a n e  e n v ir o n m e n t  b y  
ev a lu a tin g  vtirious d ie le c tn c  param eters ie. K irkw exxi correlation  
fa c to r  (g), e x c e s s  m o la r  p o la r iz a t io n  ( ^ ) ,  e x c e s s  c o r r e la t io n  
fa c to r  (<5^ )  an d  e x c e s s  fr e e  e n e r g y  ( aG )■
2. Method of measurement and analysis o f data
O H A  (A R  g r a d e )  fro m  S i s c o  R e s e a r c h  L a b o r a to r y  (S R L ) ,  
b e n z e n e ,  1 ,4 -d io x a n e  an d  c y c lo h e x a n e ,  a ll A R  g r a d e  w e r e  
p ro cu red  from  B D H  (B r it ish  D r u g  H o u s e ,  E . M e r k  L im ite d ,  
B o m b a y ) , India. B e n z e n e ,  1 ,4 -d io x a n e  and c y c lo h e x a n e  w e r e  
d is t i l le d  tw ic e  b e fo r e  u se .
T h e  e x p e r im e n ta l se t -u p , p r o c e d u r e  and  p r in c ip le  in v o lv e d  
in  d e te r m in in g  sta tic  p e r m it t iv ity  (E q ) ’ o p t ic a l p e r m itt iv ity  
) are the sa m e  as d e sc r ib e d  e a r lie r  b y  th e  a u th o rs  [7 ,9 ] .  A ll  
m e a su r e m e n ts  w e re  m a d e  at c o n s ta n t  tem p er a tu r e  3 0 3 K.
K ir k w o o d  c o rre la tio n  fa c to r  (g )  h as b e e n  c a lc u la te d  b y  u s in g  
th e  m o d if ie d  K ir k w o o d -F rc ih lic h  [1 3 ]  e q u a t io n  for  th e  b in a ry  
m ixture. T h e  m olar p o la r iza tio n  [ 14] o f b in a iy  m ix tu re  is  g iv e n  by
3 V i ( e ,
G,„ + 2  2  +  e, 2 G,„ + G.
,4rtNn~f2{e  ^ + l )~ (2  e „ , + l )  
9KT{2 e,„+e^f (1)
T h e  e x c e s s  m o la r  p n la n z a lio n  in  th e  b in a ry  m ix tu r e  is  g iv e n
b y
/ I + / 2 A ) . (2)
w h e r e  F ,  and are th e  m o la r  p o la r iz a t io n  o f  n o n -p o la r  and  
p o la r  liq u id s  r e s p e c t iv e ly .
T h e  e x c e s s  G ib b 's  fr ee  e n e r g y  o f  m ix in g  ( z lG / ) in  th e  b in a ry  
m ix tu r e  w a s  o b ta in e d  b y  th e  e x p r e s s io n  u s e d  b y  S w a in  an d  R o y
[1 5 ] .  D a v is  and  D o u h e r e t  [1 6 ]  d e v e lo p e d  a m ix tu r e  e q u a t io n  
p u re ly  fro m  e m p ir ica l c o n s id e r a t io n s  a n d  in tr o d u c e d  a pai;am eter  
c a lle d  e x c e s s  c o r r e la t io n  fa c to r  ( 5 g )  to  r e p r e se n t  th e  d ep a rtu re
fro m  id e a lity . R a y  a n d  R o y  [1 7 ]  a ls o  g iv e  th e  e x p ressio n  for 
e x c e s s  fr e e  e n e r g y  o f  m ix in g  ( A C „ )  fo r  th e  b in ary  m ixture o| 
p o la r  an d  n o n -p o la r  s o lv e n t s  u s in g  e x c e s s  c o rr e la tio n  factor 
in  p la c e  o f
3. Results and discussion
T h e  d ie le c tr ic  c o n s ta n t  o f  O H A  w ith  n o n -p o la r  so lv e n ts  vr 
b e n z e n e .  1 ,4 -d io x a n e  an d  c y c lo h e x a n e  h a s b e e n  determ ined at
l^ble 1. Values of Gq. g, A P , 6^, AG, and AG„ with conccntiation m 
diffcrcni solvents at 313K
H e r e , is th e  sta tic  d ie le c tr ic  c o n s ta n t  o f  th e  so lu t io n ,  E „  is  
th e  sq u a re  o f  r e fr a c t iv e  in d e x  at th e  fr e q u e n c y  o f  D - l in e s  o f  
so d iu m  fo r  pu re s o lu te , E, is  th e  s ta t ic  d ie le c tr ic  c o n sta n t  o f  
pure so l v e n t , / |  is  th e  m o le  fr a c t io n  o f  th e  so l  v e n t , i s  th e  m o le  
fra ctio n  o f  the  so lu te , V is  th e  m o la r  v o lu m e  o f  th e  s o lu t io n  and  
an d  V2 arc the  m o la r  v o lu m e  o f  p u re  s o lv e n t  and  p u re so lu te  
r e s p e c t iv e ly . K, T and N are  B o ltz m a n n 's  c o n s ta n t , a b so lu te  
tem p er a tu r e  an d  A v o g a d r o 's  n u m b e r , r e s p e c t iv e ly ,  g' is  th e  
K ir k w o o d -F r b h lic h  lin ea r  c o r r e la t io n  fa c to r  fo r  th e  p u re  p o la r  
s o lu te .
Mole fraction 
of OHA
8 AP (cc) ^8 AG,
(J/molc)
AG„
(J/ninlc;
Solvent: Benzene
0 2.264 0 0 0 0 0
0.07505 2 825 0.78 2 09 -0.26 197 23 : 171 0^
0 I44S6 3 480 0.84 4 23 -0.24 324 00 \2M) n
0 22035 4.450 0.96 7.06 -0 15 395 97 ?()? 30
0.30343 6 670 1.35 13 46 0.18 338 53 i n  M,
0 36776 9.600 1.80 18 36 0.60 224 87 150 0S
0.46445 12 625 2 03 18.32 0.77 142 99 101 uo
0 54251 14.175 2 02 16.04 0 72 105 90 68 60
0 64650 15 175 1.88 1 1 45 0 52 86 46 43 76
0 75491 15.675 1 72 6 04 0 30 80.24 26 45
0.85557 16 100 1 60 0 97 0.12 70 63 1202
Solvent: 1,4-D ioxaiic
0 2 201 0 0 0 0 0
0.08528 4.320 2 27 14 91 1.23 147 72 143 70
0 13829 5 320 2.01 17.33 0 93 192 81 177 2H
0.20635 6.250 1.74 17.36 0.62 240.81 190 OS
0.28009 8.550 1.97 20 43 0.81 206 11 168 80
0.35775 10.900 2.11 21 01 0.91 162.29 131 04
0 44408 13 250 2.19 19.79 0,94 112.93 88 01
0 54335 16 000 2.28 17 49 0.97 42.61 32 IK
0.62851 16.175 2.05 13.26 0 69 44 66 26 64
0 74970 16.350 1 80 6 75 0 38 48.03 18 07
0 86715 16.375 1.61 0 48 0.13 56.77 0 26
Solvent: Cyclohexane
0 2 201 0 0 0 0 0
0.10372 2.375 0 21 -4.32 -0.85 321.04 24.S 14
0.17668 2.650 0.32 -4.98 -0.78 518 02 323.04
0.26019 3.650 0.67 2 14 -0.47 589.32 3169*^
0 35062 4.925 0.88 6.99 -0.31 596.57 269 65
0.44145 9.050 1.64 19.40 0.39 314.64 184.13
0 52518 12.235 1.96 20.66 0.67 184.57 11781
0.61327 13.120 1.83 15.99 0.48 174.59 88 .56
0 70742 14.175 1.73 10.98 0.33 147.89 56 00
0.81 169 15.075 1.62 4.92 0.17 121.68 27 01
0.90419 16.175 1.58 -0.22 Q.07 71.61
I b l l  
. !
1 17.490 1.56 -5.51 0.00 0 0
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frequency 1 0 0  K H z . and  tem p era tu re  3 0 3 K . T h e  data  are u sed  to  
calculate th e  v a lu e s  o f  th e  r e la te d  p a r a m e te r s  l is te d  earlier. T h e  
relevant data  are p r e se n te d  in  T a b le  1. T h e  v ar ia tion  o f  d ie le c tr ic  
constant (Eq) w ith  c o n c e n tr a t io n  o f  O H  A  in  a ll th e  th ree  n o n ­
polar so lv e n ts  is  d is p la y e d  in  F ig u r e  1 . T h e  n o n -lin e a r  character  
ot the c u r v e  i s  an  in d ic a to r  o f  th e  m u tu a l in te ra c tio n  b e tw e e n  
the so lu te  an d  s o lv e n t  m o le c u le s ,  w h ic h  m a y  b e  b e tter  r e fle c te d  
from the g, A F  and  v a lu e s  e v a lu a te d  in  th is  stu d y . S im ila r  
results h a v e  b e e n  r ep o rted  b y  G a ra b a d u  an d  S w a in  118J in their  
study o n  d ie le c tr ic  in te r a c tio n  in  b in a ry  m ix tu r e .
- Benzene
-1,4-Dioxane
- Cyclohexane
30  4 0  50  60  70
% Mole fraction of OHA
100
th e  p r e se n c e  o f  in tr a m o le c u b r  H - b o n d in g  b e tw e e n  h y d ro g e n  
o f  -O H  g ro u p  and  o x y g e n  o f  a c e ty l g r o u p .lt  is  a lso  o b se r v e d  
th a t th e  o b ta in e d  g v a lu e s  a r e  in  th e  o r d e r  l ,4 - d io x a n e >  
b e n z e n o c y c l o h e x a n e .  T h is  m a y  b e  d u e  to  th e  f a c t  th a t  
c y c lo h e x a n e  an d  b e n z e n e  are in c a p a b le  o f  p a r t ic ip a t in g  in  
h y d ro g e n  b o n d in g  w ith  O H A . T h e  h ig h er  g v a lu e s  o f  th e  b in ary  
m ixtu re  o f  O H A  w ith  1 ,4 -d io x a n e  m ig h t b e  d u e  th e  H - b o n d in g  
o f  the h y d ro g e n  o f  e ith er  a c e ty l g ro u p  or o f  h y d ro x y  grou p  o f  
O H A  m o le c u le  w ith  the o x y g e n  o f  the 1,4 - d io x a n c  m o le c u le .  
A lso  1 ,4 -d io x a n e  is  u m ore  v is c o u s  so lv e n t  than c y c lo h e x a n e  
and b e n z e n e  and th is in part a c c o u n ts  for  the h ig h er  g  v a lu e s  
o b ser v e d  for O H A  in 1 ,4 -d io x a n e . S im ila r  ty p e s  o f  resu lts  w e re  
o b t a in e d  b y  A n t o n y  a n d  S m y t h  [ 1 9 ]  fo r  O H A  a n d  o -  
m e th o x y a c e to p h e n o n e  in 1 ,4 -d io x a n e  and c y c lo h e x a n e  w h ile  
o b se r v in g  the re la x a tio n  tim es.
hpurt* l.Vunation of with % mole fraction ul OHA
The variation  o f  g  w ith  th e  p e r c e n ta g e  m o le  fraction  o f  O H A  
in ihree d iffe re n t n o n -p o la r  s o lv e n t s  is  p lo tte d  in F ig u re  2 . T h e  
linear co rre la tio n  fa c to r  (g )  is  a sh a p e  d e p e n d e n t  p aram eter  that 
helps in q u a lita t iv e  in te rp re ta tio n  o f  th e  stru c tu re  o f  th e  liq u id  
under in v e st ig a t io n . Its v a lu e  is  fo u n d  to  b e  u n ity  in c a s e  o f  a 
normal liq u id  w h ile  it d e p a r ts  fr o m  u n ity  fo r  an ab n orm al liq u id  
The value o f  g  >  1 in d ic a te s  p r e d o m in a n c e  o f  cx- c lu ste r s  w ith  
Parallel o r ie n ta tio n  w h e r e a s  g  <  1 r e f le c t s  p r e d o m in a n c e  o f  (3- 
eiiJsiers w ith  a n ti-p a r a lle l o r ie n ta t io n .T h e  c h a n g e  in th e  nature  
’^1 m uliim erisation  is  a s s o c ia te d  w ith  th e  c h a n g e  in the  v a lu e  o f  
itnd It is a c o n c e n tr a t io n  d e p e n d e n t  p h e n o m e n o n . It is  c lea r  
from Figure 2  that b e lo w  0 .2  m o le  fr a c tio n  o f  O H A , g  v a lu e s  are 
'css than u n ity  in  b e n z e n e  a n d  c y c lo h e x a n e .  T h is  s u g g e s t s  
predominance o f  P- m u lt im e r s  in O H A  d e f ic ie n t  r e g io n . A b o v e  
- mole fr a ctio n , th e  g v a lu e  in c r e a s e ,  a tta in  a m a x im u m  v a lu e  
ueaily at 0 .5  m o le  f r a c t io n  o f  O H A  a n d  th e n  a g a in  start  
''‘^ creasing. O n  th e  o th e r  h a n d , b in a ry  m ix tu r e  o f  O H A  in 1 ,4 -  
exh ib its a  d iffe re n t ch aracter  w h er e  the  v a lu e  o l  g rem ains  
than u n ity  th r o u g h o u t  th e  c o n c e n tr a t io n  ra n g e . T h is  
be attributed  to  th e  p r e s e n c e  o f  in te r m o le c u la r  H -b o n d in g  
OHa  w ith  1,4  -d io x a n e  m o le c u le .I n  a ll th e  th ree  c a s e s ,  the  
' '^ue of g is greater th an  u n ity  in  O H A  rich  r e g io n  w h ic h  r eflec ts
2 40 ’ 
2 20 
2,00
S  1 BO
8  1 60TO
2  1 40
TO
t  1 20
8
^ 1 0 0  
I  oeo 
0 60 
0 40 
0 20 
0,00
30 40 50 60
% Mole fraction of OHA
Figure 2. Viiriaiion of with % mole fraclion of OHA.
F ig u re  3 s h o w s  e x c e s s  m o la r  p o la r iz a tio n  D P  (c c )  o f  O H A  
w ith  three  n o n -p o la r  so lv e n ts  v i;. b e n z e n e , 1 ,4 -d io x a n e  and  
c y c lo h e x a n e  p lo tte d  a g a in st  p e r ce n ta g e  m o le  fra ctio n  o f  O H A  
at tem p erature  3 0 3 K . T h e  trend o f  v a r ia tion  in  sh o w s  that it
is p o s it iv e  o v e r  th e  e n tire  c o n c en tra tio n  ran ge  o f  O H A  in  1 ,4 -  
d io x a n e  e n v ir o n m e n t  fo r  w h ic h  j f > l  th r o u g h o u t , w h ile  in  
c y c lo h e x a n e  it i s  partly  n e g a tiv e . P re d o m in a n ce  o f  p - c lu ste rs  in  
th e  m ix tu re  o f  O H A  and c y c lo h e x a n e  is  th e  p ro b a b le  c a u se  fo r  
n e g a tiv e  v a lu e  o f  AP, w h ile  g rea ter  c o n v e r s io n  o f  |3- to  a -  
m u ltim ers is su p p o rted  b y  p o s it iv e  AP d u e  to  r e in fo r ce m en t o f  
angu lar  c o rrela tio n .
D a v is  and  D o u h e r e t  [1 6 ]  d e v e lo p e d  a m ix tu r e  e q u a tio n  
pu rely  fro m  e m p ir ica l c o n s id e r a t io n  and in trod u ced  a param eter  
c a lle d  e x c e s s  c o rr e la tio n  fa c to r  'Sg ' to  rep resen t th e  departure  
from  id ea lity . T h e  term  'fi* ’ in  e f fe c t  is  id e n tica l to  (g^ -^1) o f  the  
W Q  e q u a t io n [ l l ] .  T h e  v a lu e s  o f  'Sg ' are rep orted  in  T a b le  1.
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Negative Sg  values indicate the lack o f cooperative angular 
correlation. Tablet shows that in OHA-cyclohexane and OHA- 
benzene mixture that 'Sg* value are negative in OHA deficient 
region. These negative values signify near complete destruction 
o f angular correlation (^- clusters) between dissimilar molecule, 
while for OHA rich region and for the entire concentration 
range o f OHA - dioxane mixture, Sg  values are positive indicating 
enhanced angular correlation (a- cluster).
Figure 3. Variation of AF with % mole fraction of OHA
From Figure 4, the trend o f variation o f excess free energy 
(AG /,) shows that it is positive over the entire concentration 
range o f OHA in all the three non polar solvents. W ith increase
F igure 4. Variation of AGn with % mole fraction o f OHA.
in the concen tra tion  o f  O H A , 4C/y increases, attains the 
maximum value in the range 0.17-0.22 mole fraction of OHA and 
than  sta rts  d ec reasin g . T h is m ay be due to  the  fact that 
predominance o f P - multimers in the mixture is characterised by 
reduction  o f  in ternal energy. W ith further increase in the 
concentration o f O H A , the conversion o f P - multimers into a  - 
multimers reverses the trend and AG,, starts decreasing. vSinular 
result were obtained by us [ 9 ] for CHA. The magnitude ol 
(AG//)max fof cyclohexane being  h ighest corroborates our 
finding on g and A P  that the extent o f form ation of P - clusters 
is maximum for this system. The values o f AG,, decrease m the 
order cyclohexane > benzene > 1,4-dioxane. The minimum value 
in 1,4-dioxane supports our earlier finding that the solute 
solvent interaction in 1,4-dioxane medium is stronger than (he 
other two media.
4. Conclusions
On the basis o f above discussion, it may be concludec^that
(i) a  -  m u ltim e rs  p re d o m in a te  througho^it i h e  
concentration range o f OHA in 1,4- dioxane due lo 
interm olccular hydrogen bonding.
(ii) OHA deficient region in benzene and cyclohexane is 
associated with the predom inance of 3 - multimeis
(iii) In all the three solvents, the g > values greater th a n  
unity in OHA rich region reflects the presence ot 
intram olecular H - bonding in OHA.
(iv) Excess free energy o f m ixing indicates the p r e s e n c e  
o f strong solute - solvent interaction in 1,4 - d i o x a n e  
as com pared to cyclohexane and benzene.
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